JOI^T INVENTORS 



"EXPRESS MAIL" mailing label No. 

EV323780020US. 

Date of Deposit: October 31, 2003 

I hereby certify that this paper (or fee) is being 

deposited with the United States Postal Service 

"EXPRESS MAIL POST OFFICE TO 

ADDRESSEE" service under 37 CFR §1.10 on the 

date indicated above and is addressed to: 

Commissioner foi/Patejtfs, Box Patent Application, 

P.Oy^Qx /450, i«exdfy(ria, VA 22313-1450 




APPLICATION FOR 
UNITED STATES LETTERS PATENT 
SPECIFICATION 

TO ALL WHOM IT MAY CONCERN: 

Be it known that we, Richard H. HOLTMAN, a citizen of the United 
States, residing at 2030 W. Bristol Hollow Rd., Dunlap, IL 61525-9348, and Mark 
Steven CAVANAGH, a citizen of the United States, residing at 1909 Redbud Lane, 
Bloomington, IL 61704, have invented a new and useful METHOD AND 
APPARATUS FOR EXHAUST GAS RECIRCULATION COOLING USING A 
VORTEX TUBE TO COOL RECIRCULATED EXHAUST GASES, of which the 
following is a specification. 
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Description 

METHOD AND APPARATUS FOR EXHAUST GAS 
RECIRCULATION COOLING USING A VORTEX 
TUBE TO COOL RECIRCULATED EXHAUST GASES 

Technical Field 

[01] The present invention relates generally to engines and, more particularly, to 
cooling recirculated exhaust gases in engines. 
Background 

[02] In order to minimize pollutants such as NOX, internal combustion engines . 
may include an exhaust gas recirculation (EGR) system that includes an EGR valve. EGR 
systems primarily recirculate exhaust gas by-products into the intake air supply of the internal 
combustion engine. The EGR valve can be used to redirect a portion of exhaust gases to an 
intake conduit, such as an intake manifold, so that the redirected exhaust gases will be 
recycled. 

[03] The exhaust gas which is reintroduced to the engine cylinder reduces the 
concentration of oxygen therein, which in turn lowers the maximum combustion temperature 
within the cylinder and slows the chemical reaction of the combustion process, decreasing the 
formation of nitrous oxides (NO x ). Furthermore, the exhaust gases typically contain 
unburned hydrocarbons that are burned on reintroduction into the engine cylinder, further 
reducing the emission of exhaust gas byproducts that would be emitted as undesirable 
pollutants from the internal combustion engine. 

[04] In order to improve engine performance and reduce emissions of pollutants, it 
has been found to be advantageous to cool the exhaust gases that are being recirculated by the 
use of various devices, such as, for example, air-to-air coolers, water to air coolers, or other 
heat transfer devices. However, such devices require an increase in the overall heat rejection 
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capability of the engine. For example, additional radiators and/or larger, more cumbersome 
radiators may be required in order to provide such an increased heat rejection capability, 
especially where the engine is used in a slow-moving vehicle or machine. 

[05] It is also known to use a device commonly known as a vortex tube or a 
Ranque-Hilsch tube in order to separate components of exhaust gases. For example, U.S. 
Patent No. 3,566,610 discloses a method and apparatus for separating components of exhaust 
of an internal combustion engine by density using a vortex tube. 

[06] The present invention is directed to overcoming one or more of the problems 
or disadvantages associated with the prior art. 
Summary of the Invention 

[07] An engine is provided in accordance with the disclosure that may include an 
exhaust conduit, an intake conduit, and a vortex tube in fluid communication with the exhaust 
conduit and the intake conduit. The vortex tube may include an inlet port in fluid 
communication with the exhaust conduit, a cold gas outlet port in fluid communication with 
the intake conduit, and a hot gas outlet port. 

[08] In accordance with' another aspect of the disclosure, an engine exhaust system 
is provided that may include an exhaust conduit, an intake conduit, and a vortex tube in fluid 
communication with the exhaust conduit and the intake conduit. The vortex tube may 
include an inlet port in fluid communication with the exhaust conduit, a cold gas outlet port 
in fluid communication with the intake conduit, and a hot gas outlet port. 

[09] In accordance with a still further aspect of the disclosure, a method of 
recirculating exhaust gases in an engine is provided. The engine may include a combustion 
chamber and the method may include diverting at least a portion of exhaust gases, cooling at 
least a portion of the diverted exhaust gases in a vortex tube, and reintroducing the cooled 
exhaust gases into the combustion chamber. 



Brief Description of the Drawings 

[10] FIG. 1 is a schematic depiction of an embodiment of an engine that includes 
an exhaust gas recirculation system having a vortex tube for separating relatively hot exhaust 
gases from relatively cool exhaust gases; and 

[11] FIG. 2 is a schematic depiction of a second embodiment of an engine that 
includes an exhaust gas recirculation system having a vortex tube for separating relatively hot 
exhaust gases from relatively cool exhaust gases, wherein the vortex tube is located outside 
of a turbocharging system (e.g., downstream of a turbocharger turbine section and upstream 
of a turbocharger compressor section). 
Detailed Description 

[12] With reference to FIG. 1, an engine, shown schematically, and generally 
indicated at 10, may include a combustion chamber 1 1, an intake manifold 12 and an exhaust 
manifold 14. The engine 10 may further include means 15 for recirculating exhaust gases, 
which may include a primary exhaust gas recirculation conduit 16 in fluid communication 
with the exhaust manifold 14. The primary exhaust gas recirculation conduit 16 may also be 
in fluid communication with an inlet 18 of a vortex tube 20. The primary exhaust gas 
recirculation conduit 16 may also optionally be in fluid communication with a bypass conduit 
22 having a bypass valve 24 therein. The vortex tube 20 includes a hot gas outlet 26 and a 
cold outlet 28 and may be capable of diverting relatively hot exhaust gases to the hot gas 
outlet 26, and relatively cold gas exhaust gases to the cold gas outlet 28. 

[13] The cold gas outlet 28 of the vortex tube 20 may be placed in fluid 
communication with a cold exhaust gas recirculation conduit 30 that in turn is in fluid 
communication with an intake air conduit 32. The intake air conduit 32 is in fluid 
communication with the intake manifold 12, and a venturi conduit 34 may be provided in the 
intake air conduit 32 to create a low-pressure region for drawing the relatively cold exhaust 



gases into the intake air conduit 32. An EGR valve 36 may be disposed in the cold exhaust 
gas recirculation conduit 30. The EGR valve 36 may be an on/off valve or a modulating 
valve, or any other suitable type of valve. 

[14] The hot gas outlet 26 of the vortex tube 20 may lead to a turbine section 38 of 
a turbocharger assembly 40. Alternatively, the hot gas outlet 26 may simply lead to an 
exhaust conduit 39 downstream of the turbine section 38 of the turbocharger assembly 40. A. 
wastegate 41 may be provided to selectively divert exhaust gases in order to bypass the 
turbine section 38. The turbocharger assembly 40 may further include a compressor section 
42 that is in fluid communication with the intake air conduit 32 via a compressor outlet 
conduit 44. • 

[1 5] An electronic control unit (ECU) 46 may be used to electronically control the 
configuration of the bypass valve 24, the wastegate 41, and/or the EGR valve 36. 

[16] The ECU 46 may be operatively associated with one or more sensors, such as, 
for example a sensor 47, associated with the engine 10. The sensor 47 may be adapted, for 
example, to monitor the status of one or more of: the C0 2 content of the exhaust gas, the 0 2 
content of the exhaust gas, the NO x content of the exhaust gas, the intake mass air flow, the .■ 
exhaust mass air flow, the EGR mass air flow, coolant temperature, engine speed, vehicle 
speed, altitude, and/or ambient air pressure. If desired, other sensors, such as pressure 
sensors and/or air flow rate sensors may be provided in one or more of the exhaust conduit 
16, inlet 18 of the vortex tube 20, the bypass conduit 22, the hot gas outlet 26, the cold gas 
outlet 28, the cold exhaust gas recirculation conduit 30, the intake air conduit 32, and the 
venturi conduit 34. The ECU 46 may include a microprocessor and associated memory (not 
shown) adapted to provide the generation of appropriate control signals for use in controlling 
engine components such as, for example, the bypass valve 24, the EGR valve 36, the 
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wastegate 41, and/or the flow reduction valve 50, based upon output signals received from 
the sensor 47 and/or other sensors. 

[17] A secondary cold exhaust gas conduit 48 may be provided in fluid 
communication with the cold exhaust gas recirculation conduit 30, and may include a flow 
reduction valve 50. The secondary cold exhaust gas conduit 48 and the flow reduction valve 
50 may be used to divert a portion of the cold exhaust gas exiting from the cold gas outlet 28 
to be reunited with the exhaust gases exiting from the hot gas outlet 26, and the flow 
reduction valve 50 may also be electronically controlled by the ECU 46. 

[18] With reference to FIG. 2, an alternative embodiment is depicted in which a 
means 115 for recirculating gases which may include a primary exhaust gas recirculation 
conduit 116 in fluid communication with the exhaust conduit 39 downstream of the turbine 
section 38 of the turbocharger assembly 40. The primary exhaust gas recirculation conduit 
1 16 may also be in fluid communication with an inlet 1 18 of a vortex tube 120. The primary 
exhaust gas recirculation conduit 116 may also optionally be in fluid communication with a 
bypass conduit 122 having a bypass valve 124 therein. The vortex tube 120 includes a hot 
gas outlet 126 and a cold gas outlet 128 and may be capable of diverting relatively hot 
exhaust gases to the hot gas outlet 126, and relatively cold exhaust gases to the cold gas outlet 
128. 

[19] The cold gas outlet 128 of the vortex tube 120 may be placed in fluid 
communication with a cold exhaust gas recirculation conduit 130 that in turn is in fluid 
communication with an intake air conduit 145 that is upstream of the compressor section 42 
of the turbocharger assembly 40. The venturi conduit 34 depicted in FIG. 1 may not be 
needed in the embodiment of FIG. 2, so long as the exhaust pressure exceeds the pressure 
within the conduit 145, but of course a venturi tube may be provided if deemed necessary for 
a given engine application. An EGR valve 136 may be disposed in the cold exhaust gas 



recirculation conduit 130. The EGR valve 136 may be an on/off valve or a modulating valve, 
or any other suitable type of valve. 

[20] A secondary cold exhaust gas conduit 148 may be provided in fluid 
communication with the cold exhaust gas recirculation conduit 130, and may include a flow 
reduction valve 150. The secondary cold exhaust gas conduit 148 and the flow reduction 
valve 150 may be used to divert a portion of the cold exhaust gas exiting from the cold gas 
outlet 128 to be reunited with the exhaust gases exiting from the hot gas outlet 126, and the 
flow reduction valve 150 may also be electronically controlled by the ECU 46. 

[21] The ECU 46 may be used to electronically control the configuration of the 
valves 150, 124, 136, and/or the waste gate 41, in a manner similar to that described above 
with respect to the embodiment of FIG. 1. 
Industrial Applicability 

[22] Again, referring to FIG. 1 , in operation, exhaust gases passing through the 
exhaust manifold 14, or a portion of the exhaust gases, may flow into the inlet 18 of the 
vortex tube 20 and/or may be diverted through the bypass conduit 22 to the cold exhaust gas 
recirculation conduit 30. The portion of the exhaust gases that pass through the vortex tube 
20 are separated into a relatively hot stream and a relatively cold stream and exit the vortex 
tube 20 through the hot gas outlet 26 and the cold gas outlet 28, respectively. Exhaust gases 
exiting the hot outlet 26 may then flow through the turbine section 38 of the turbocharger 40. 

[23] The relatively cold exhaust gases exiting the vortex tube 20 at the cold gas 
outlet 28 may flow into the cold exhaust gas recirculation conduit 30, and/or may be directed 
via the secondary cold exhaust gas conduit 48, depending on the position of the flow 
reduction valve 50. If the EGR valve 36 is open, the cold exhaust gas is fed to the intake air 
conduit 32 and mixes with intake air in the venturi conduit 34. 



[24] Due to the simplicity of the vortex tube 20, which requires no moving parts, an 
inexpensive, easy to maintain, and lightweight apparatus is provided for cooling the 
recirculated exhaust gases of the engine 10. 

[25] The embodiment of FIG. 2 operates in a similar manner to that of FIG. 1, with 
the notable exception that the recirculation of exhaust gases originates from the conduit 39 
downstream of the turbine section 38 of the turbocharger assembly 40, and is introduced into 
the intake air stream at the conduit 145 upstream of the compressor section 42 of the 
turbocharger assembly 40. 

[26] Other aspects and features of the present invention can be obtained from a 
study of the drawings, the disclosure, and the appended claims. 



